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(54) Gas turbine combustor having bypass passage 



(57) There is provided a combustor to burn fuel, 
comprising a bypass passage connected to one side of 
the combustor to supply air into the combustor; and an 
annular passage provided around the combustor and 
connected to the bypass passage, wherein air supplied 
through the bypass passage passes in the annular pas- 
sage in the circumferential direction, and is uniformly 



supplied into the combustor in the circumferential direc- 
tion thereof through an opening which connects the 
combustor and the annular passage. Accordingly, com- 
pressed air passing through the bypass passage can be 
supplied uniformly into a tail portion of the combustor, 
and unevenness of temperature distribution in a cross 
section of the combustor tail portion can be reduced. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a combustor, 
particularly to a gas turbine combustor in which addi- 
tional air can be supplied by a bypass passage. 

2. Description of the Related Art 

[0002] In general, a gas turbine combustor is dis- 
posed between a compressor and a turbine. Fuel F is 
supplied to a gas turbine combustor through a fuel sup- 
plying passage of a nozzle portion in the gas turbine 
combustor. Compressed air A compressed by the com- 
pressor is supplied to a casing of the gas turbine com- 
bustor and, then enters the nozzle portion through an 
inlet portion of the nozzle portion and is supplied to the 
combustor through a swirler. Thus, the compressed air 
A and the fuel F are mixed and burned in the combustor. 
High temperature gas produced by combustion of the 
compressed air A and the fuel F is discharged from the 
combustor through a tail portion thereof to drive the tur- 
bine provided on the downstream side of the gas turbine 
combustor in the direction of airflow. 
[0003] A bypass passage having a bypass valve is 
provided on one side of the combustortail portion. When 
the output of the turbine varies, the bypass valve is 
opened and closed so that the compressed air A in the 
casing is supplied to the combustortail portion through 
the bypass passage from the inlet portion to an outlet 
portion thereof. Accordingly, additional compressed air 
A is supplied to the combustortail portion so that the air- 
fuel ratio, i.e., the ratio of air to fuel in the gas turbine 
combustor can be maintained at an appropriate value. 
[0004] However, the bypass passage is attached to 
only one side of the combustor in a known gas turbine 
combustor. Therefore, when additional compressed air 
A is supplied to the combustor tail portion through the 
bypass passage, the concentration of fuel in the com- 
bustor tail portion is locally decreased in the vicinity of 
the outlet of the bypass passage. 
[0005] In general, when the ratio of combustion air to 
fuel is high, the flame becomes unstable due to lack of 
fuel. In addition, when the ratio of fuel to combustion air 
is high, NOx tends to easily occur. In other words, the 
flame tends to become unstable in the vicinity of the out- 
let of the bypass passage, and NOx tends to occur at 
the opposite side of the outlet, in a cross section of the 
combustortail portion. Therefore, if the bypass valve is 
adjusted to maintain the air-fuel ratio at a substantially 
constant value, it is necessary for the additional com- 
pressed air passing through the bypass passage to be 
uniformly supplied to the combustor tail portion in the 
circumferential direction thereof. 
[0006] The additional compressed air A is supplied to 
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the combustor, particularly to the combustor tail portion 
via the outlet of the bypass passage, so that the tem- 
perature in the vicinity of the outlet is locally decreased, 
and unevenness of the temperature distribution occurs 

5 in a cross section of the combustor tail portion. 

[0007] Accordingly, the object of the present invention 
is to provide a combustor in which the compressed air 
passing through the bypass passage is uniformly sup- 
plied into the combustor tail portion in the circumferential 

10 direction thereof, and unevenness of the temperature 
distribution in a cross section of the combustor tail por- 
tion is reduced. 

SUMMARY OF THE INVENTION 

75 

[0008] According to an embodiment of the present in- 
vention, the present invention provides a combustor to 
burn fuel, comprising a bypass passage connected to 
one side of the combustor to supply air into the combus- 

20 tor; and an annular passage provided around the com- 
bustor and connected to the bypass passage, wherein 
air supplied through the bypass passage passes 
through the annular passage in the circumferential di- 
rection, and is uniformly supplied into the combustor in 

25 the circumferential direction thereof through an opening 
which connects the combustor and the annular pas- 
sage. 

[0009] Namely, according to the embodiment of the 
present invention, air passing through the bypass pas- 
30 sage is uniformly supplied in the circumferential direc- 
tion of the combustor and particularly to the combustor 
tail portion to thereby reduce unevenness of the temper- 
ature distribution in a cross section of the combustor tail 
portion, 

35 [0010] These and other objects, features and advan- 
tages of the present invention will be more apparent in 
light of the detailed description of exemplary embodi- 
ments thereof as illustrated by the drawings. 

40 BRIEF DESCRIPTION OF THE DRAWING 

[0011] The present invention will be more clearly un- 
derstood from the description as set below with refer- 
ence to the accompanying drawings, wherein: 

45 

Fig. 1 is a sectional view of a known gas turbine 
combustor; 

Fig. 2 is a side view of a combustor according to a 
first embodiment of the present invention; 
50 Fig. 3 is a sectional view taken along the line X-X 
in Fig. 2; 

Fig. 4 is a longitudinal partial sectional view of a 
combustor according to a first embodiment of the 
present invention; 
55 Fig. 5 is a longitudinal partial sectional view of a 
combustor according to a second embodiment of 
the present invention; 

Fig. 6a is an enlarged schematic view of an over- 
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lapped portion of a'first cylinder portion and a sec- 
ond cylinder portion in Fig. 5; 
Fig. 6b is an enlarged schematic view of an over- 
lapped portion of a first cylinder portion and a sec- 
ond cylinder portion in Fig. 5; 5 
Fig. 7 is a longitudinal partial sectional view of a 
combustor according to a third embodiment of the 
present invention; 

Fig. 8 is a longitudinal partial sectional view of a 
combustor according to another embodiment; io 
Fig. 9a is an enlarged schematic view of a support- 
ing member in Fig. 7; 

Fig. 9b is an enlarged schematic view of a support- 
ing member in Fig. 7; and 

Fig. 10 is a longitudinal partial sectional view of a '5 
combustor according to a forth embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 20 

[0012] Before proceeding to a detailed description of 
the preferred embodiments, a prior art will be described 
with reference to the accompanying drawings relating 
thereto for a clearer understanding of the difference be- 25 
tween the prior art and the present invention. 
[001 3] Fig. 1 is a cross sectional view of a gas turbine 
combustor disclosed in a related art, for example, Jap- 
anese Unexamined Patent Publication (Kokai) No. 
2000-130756. Such gas turbine combustor is disposed 30 
between a compressor and a turbine. Fuel F is supplied 
to a gas turbine combustor 1 00 through a fuel supplying 
passage 330 of a nozzle portion 300 in the gas turbine 
combustor 100. Compressed air A compressed by a 
compressor 400 is supplied into a casing 800 of the gas 35 
turbine combustor 1 00. The compressed air A enters the 
nozzle portion 300 through an inlet portion 350 of the 
nozzle portion 300 and is supplied into the combustor 
through a swirler 370. Therefore, the compressed air A 
and the fuel F are mixed and burned in the combustor. *o 
High temperature gas produced by combustion of the 
compressed air A and the fuel F is discharged from the 
combustor through a tail portion thereof to drive a tur- 
bine (not shown) provided on the downstream side of 
the gas turbine combustor 1 00 in the direction of airflow. 45 
[0014] A bypass passage 900 having a bypass valve 
970 is provided on one side of the combustortail portion 
500. When the output of the turbine varies, the bypass 
valve 970 is opened and closed so that the compressed 
air A in the casing 800 is supplied to the combustor tail 50 
portion 500 through the bypass passage 900 from an 
inlet portion 950 to an outlet portion 990 thereof. Accord- 
ingly, the additional compressed air A is supplied to the 
combustortail portion 500 so that the air-fuel ratio, i.e., 
the ratio of air to fuel in the gas turbine combustor 1 00 55 
can be maintained at an appropriate value. 
[001 5] An embodiment of the present Invention will be 
described below with reference to accompanying draw- 
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ings. In following drawings, the same members are des- 
ignated by similar numerals. 

[0016] Fig. 2 and Fig. 4 show a side view and a lon- 
gitudinal partial sectional view of a combustor according 
to a first embodiment of the present invention, respec- 
tively. As shown in Fig. 4, the fuel F is supplied to the 
gas turbine combustor 10 through a fuel supplying pas- 
sage 33 provided in a nozzle 30. The compressed air A 
compressed by a compressor (not shown) enters the 
nozzle 30 through the inlet portion 35 and is supplied 
into the gas turbine combustor 1 0 through a swirler 37. 
The fuel F and the compressed air A are mixed and 
burned in the combustor. 

[001 7] A bypass passage 90 is connected to one side 
of a combustor tail portion 50. The bypass passage 90 
contains a bypass valve 97 (not shown). As shown in 
Fig. 2, in the first embodiment, an annular passage con- 
taining member which contains an annular passage 
therein, i.e., an annular scroll 60, is disposed between 
the combustor tail portion 50 and the bypass passage 
90. As shown in Fig. 3 which is a cross sectional view 
taken along the line X-X in Fig. 2, an annular passage 
61 extending in the circumferential direction is formed 
in the annular scroll 60. The annular scroll 60 is provided 
on the outer peripheral portion of the combustor tail por- 
tion 50 substantially coaxially to the center axis of the 
combustor. As shown in Fig. 3 and Fig. 4, a plurality of 
openings 51 are formed in a wall portion of the combus- 
tor tail portion 50. In the first embodiment, the openings 
51 formed in the wall portion of thecombustortail portion 
50 are spaced at a substantially equal distance in the 
circumferential direction. Therefore, the bypass pas- 
sage 90 and the annular scroll 60 are connected to each 
other via the outlet 99, and the annular scroll 60 and the 
combustor tail portion 50 are connected to each other 
via the openings 51 . 

[0018] When the output of a turbine (not shown) var- 
ies and a partial load is applied to the gas turbine com- 
bustor 10, the bypass valve 97 is opened. Accordingly, 
additional compressed air A can be supplied from a cas- 
ing 80 into the bypass passage 90 through the inlet por- 
tion 95 of the bypass passage 90. As shown in Fig. 3, 
the additional compressed air A enters the annularscroll 
60 through the outlet portion 99 of the bypass passage 
90. The additional compressed air A enters the combus- 
tor tail portion 50 through the annular passage 61 of the 
annularscroll 60 and openings 51 formed in the wall por- 
tion of the combustor tail portion 50. Therefore, the ad- 
ditional compressed air A is supplied substantially uni- 
formly to the combustor, particularly to the combustor 
tail portion 50, in the circumferential direction thereof. 
Accordingly, unevenness of the temperature distribution 
in the cross section of the combustor can be reduced 
when the partial load is applied. Slits can be formed on 
the wall portion of the combustor tail portion 50 in the 
circumferential direction thereof, in place of the open- 
ings 51. In this case, the additional compressed air A 
can be more uniformly supplied into the combustor tail 
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portion 50. 

[0019] Fig. 5 is a longitudinal partial sectional view of 
a combustor according to a second embodiment of the 
present invention. In the second embodiment, the com- 
bustor contains a first cylinder portion 53 and a second s 
cylinder portion 54. As shown in Fig. 5, the first cylinder 
portion 53 and the second cylinder portion 54 are coax- 
ially arranged and are partly overlapped with a prede- 
termined space therebetween, so that an annular or cy- 
lindrical clearance 55 is formed between these-cylinder 10 
portions. It is apparent from Fig. 5 that a superimposed 
portion 59, in which these cylinder portions are over- 
lapped, i.e., superimposed, is positioned in the annular 
scroll 60. An upstream side end portion of the annular 
scroll 60 positioned on the upstream side in the flow di- '5 
rection of fuel F in the annular scroll 60 and a down- 
stream side end portion of the annular scroll positioned 
on the downstream side are connected to the first cylin- 
der portion 53 and the second cylinder portion 54, re- 
spectively. Therefore, the additional compressed air A 20 
in the annular scroll 60 does not leak out. 
[0020] Additional compressed air A entering from the 
bypass passage 90 into the annular scroll 60 passes 
along the inner wall of the combustor tail portion 50 via 
the annular passage 61 and the annular space 55. 25 
Accordingly, a thin layer of a low-temperature airflow (a 
so-called cooling film) is formed along the inner wall of 
the combustor tail portion 50, and then the combustor 
tail portion 50 is cooled by the low-temperature airflow 
layer (such a cooling method is called "film cooling"). An 30 
annular cooling film is formed because the space 55 is 
annular, and thus the combustor tail portion 50 can be 
uniformly cooled in the circumferential direction thereof. 
In other words, according to the second embodiment, 
additional compressed air passing through the bypass 35 
passage can be uniformly supplied to the combustor, 
particularly to the combustor tail portion in the circum- 
ferential direction thereof, and unevenness of the tem- 
perature distribution in a cross section of the combustor 
tail portion can be reduced. *o 
[0021] Fig. 6a and Fig. 6b are schematic views of the 
superimposed portion 59 of the first cylinder portion 53 
and the second cylinder portion 54. In the second em- 
bodiment, as shown in Fig. 6a, the first cylinder portion 
53 and the second cylinder portion 54 are separate 
members, and define the annular space 55. However, 
as shown in Fig. 6b, the first cylinder portion 53 and the 
second cylinder portion 54 may be integrally formed as 
a single member, and a plurality of through holes 56 ex- 
tending in the axial direction of the combustor tail portion so 
50 may be formed in the superimposed portion 59. The 
through holes 56 are spaced at an equal distance in the 
circumferential direction. In this case, since the cooling 
film extends to a portion further downstream to that of 
the embodiment shown In Fig. 6a, the combustor tail ss 
portion 50 can be cooled over a wider area. 
[0022] Fig. 7 is a longitudinal partial sectional view of 
a third embodiment of a combustor according to the 
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present invention. The combustor contains the first cyl- 
inder portion 53 and the second cylinder portion 54. In 
the third embodiment, the superimposed portion 59 in 
which the first cylinder portion 53 and the second cylin- 
der portion 54 are partially superimposed extends be- 
yond the annular scroll 60 on the downstream side, in 
the flow direction of fluid, in the combustor. Additional 
compressed air A entering from the bypass passage 90 
into the annular passage 61 of the annular scroll 60 en- 
ters the annular space 55 of the superimposed portion 
59. The additional compressed air A passes through the 
annular space 55 to thereby effectively cool the com- 
bustor, particularly the combustor tail portion 50, by con- 
vection cooling. The combustor tail portion 50 can be 
cooled substantially uniformly in the circumferential di- 
rection over a wide area by convection cooling. In other 
words, according to the third embodiment, air passing 
through the bypass passage can be uniformly supplied 
in the circumferential direction of the combustor tail por- 
tion, and unevenness of the temperature distribution in 
the cross section of the combustor tail portion can be 
reduced over a wide area. 

[0023] As a matter of course, as shown in Fig. 6b, the 
first and second cylinder portions 53, 54 are formed as 
a single member, and a plurality of through holes 56 may 
be formed in the superimposed portion 59 in place of 
the annular space 55. In the above-described second 
embodiment, it is apparent that convection cooling is 
partially carried out in the superimposed portion 59. 
[0024] Fig. 8 is a longitudinal partial sectional view of 
another embodiment of a combustor according to the 
present invention. The combustor contains the first cyl- 
inder portion 53 and the second cylinder portion 54. Sim- 
ilar to the above-described third embodiment, the annu- 
lar space 55 is formed in the superimposed portion 59 
in which the first cylinder portion 53 and the second cyl- 
inder portion 54 are partially superimposed. In this em- 
bodiment, a plurality of supporting members 57 are dis- 
posed between the first cylinder portion 53 and the sec- 
ond cylinder portion 54 and in the superimposed portion 
59. Fig. 9a and Fig. 9b are partially enlarged views of 
the first cylinder portion 53 having the supporting mem- 
ber 57. In Fig. 9a, a plurality of columnar supporting 
members 57 are spaced at an equal distance with each 
other on the outer wall of the first cylinder portion 53. 
The inner wall of the second cylinder portion 54 is dis- 
posed on the top face of the supporting member 57. 
However, for ease of understanding, the second cylin- 
der portion 54 is omitted in Fig. 9a and Fig. 9b. The first 
cylinder portion 53 and the second cylinder portion 54 
can be supported by the supporting members 57, 
against combustion vibration caused during the opera- 
tion of the combustor. Therefore, the annular space 55 
can be maintained without being crushed by combustion 
vibration. Furthermore, the supporting member 57 can 
improve heat transferring between the first cylinder por- 
tion 53 and the second cylinder portion 54. Thus, ac- 
cording to the embodiment, air passing through the by- 
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pass passage is uniformly supplied to the combustor, 
particularly to the combustor tail portion in the circum- 
ferential direction thereof, so that the unevenness of the 
temperature distribution in the cross section of the com- 
bustor tail portion can be reduced. As a matter of course, 
in the above-described second embodiment, the ar- 
rangement of the supporting member in the annular 
space 55 is included within the scope of protection of 
the present invention. 

[0025] Fig. 10 is a longitudinal partial sectional view 
of a forth embodiment of a combustor according to the 
present invention. In the forth embodiment, a sleeve 70 
is arranged substantially coaxially to the center axis of 
the combustor tail portion 50, between the outer wall of 
the combustor tail portion 50 and the inner wall of the 
annular scroll 60. Therefore, the sleeve 70 and the outer 
wall of combustor tail portion 50 are substantially paral- 
lel. The length in the axial direction of the sleeve 70 is 
substantially identical to that of the annular scroll 60. As 
shown in Fig. 10, a plurality of holes 71 are formed in 
the sleeve 70. A plurality of openings 51 are formed in 
the combustor tail portion 50 within the annular scroll 
60. In the forth embodiment, the plural openings 51 and 
the plural holes 71 are disposed in a staggered config- 
uration. 

[0026] The additional compressed air A entering the 
annular scroll 60 through the bypass passage 90 passes 
through the annular passage 61 and the hole 71 of the 
sleeve 70 and impinges on the outer wall of the com- 
bustor tail portion 50. The sleeve 70 and the combustor 
tail portion 50 are coaxial to each other, so that the ad- 
ditional compressed air A passing through the hole 71 
of the sleeve 70 impinges substantially vertically on the 
outer wall of the combustor tail portion 50. A cooling 
method in which fluid is vertically supplied onto the sur- 
face of the object to be cooled is called "impinge cooling" 
or "impingement cooling". Then, the additional com- 
pressed air A enters the combustor tail portion 50 
through the opening 51 of the combustor tall portion 50. 
[0027] In the forth embodiment, the additional com- 
pressed air passing through the bypass passage 90 is 
uniformly supplied to the combustor, particularly to the 
combustor tail portion in the circumferential direction 
thereof, so that unevenness of the temperature distribu- 
tion in the cross section of the combustor tail portion can 
be reduced by impinge cooling. It is preferable that the 
opening 51 not be formed at a position of the combustor 
tail portion 50 corresponding to the hole 71 , since this 
improves the effect of impinge cooling. The sleeve 70 
functions as an acoustic liner so that combustion vibra- 
tion produced when the combustor is operated can be 
decreased. 

[0028] As a matter of course, any combination of the 
embodiments described above to produce the combus- 
tor is included within the scope of the present invention. 
For example, to form an annular passage on the wall 
portion of the combustor without the annular scroll is 
within the scope of the present invention. 
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[0029] According to an embodiment of the present in- 
vention, the common effect can be obtained that the ad- 
ditional air passing through the bypass passage is sup- 
plied to the combustor, particularly to the combustor tail 
5 portion uniformly in the circumferential direction thereof, 
so that unevenness of the temperature distribution in a 
cross section of the combustor tail portion can be re- 
duced. 

[0030] According to another embodiment of the 
10 present invention, the effect can be obtained that the 
additional air can be further uniformly supplied from the 
bypass passage to the combustor, particularly to the 
combustor tail portion. 

[0031] According to yet another embodiment of the 

15 present invention, the effect can be obtained that the 
combustor, particularly, the combustor tail portion, can 
be effectively cooled by a cooling film. 
[0032] According to yet another embodiment of the 
present invention, the effect can be obtained that the 

20 combustor, particularly, the combustor tail portion, can 
be effectively cooled by convection cooling. 
[0033] According to yet another embodiment of the 
present invention, the effect can be obtained that the 
supporting member is provided between the first cylin- 

25 der portion and the second cylinder portion to support 
the same, and what can improve the heat transferring. 
[0034] According to yet another embodiment of the 
present invention, the effect can be obtained that the 
combustor, particularly, the combustor tail portion, can 

30 be effectively cooled by impinge cooling, and the sleeve 
functions as an acoustic liner to reduce combustion vi- 
bration. 

[0035] Although the invention has been shown and 
described with exemplary embodiments thereof, it 
35 should be understood by those skilled in the art that the 
foregoing and various other changes, omissions and ad- 
ditions may be made therein and thereto without depart- 
ing from the spirit and scope of the invention. 

40 

Claims 

1 . A combustor to burn fuel, comprising 

a bypass passage connected to one side of 
^5 the combustor to supply air into the combustor; and 
an annular passage provided around the 
combustor and connected to the bypass passage, 
wherein 

air supplied through the bypass passage 
50 passes in the annular passage in the circumferen- 
tial direction, and is uniformly supplied into the com- 
bustor in the circumferential direction thereof 
through an at least one opening which connects the 
combustor and the annular passage. 

55 

2. A combustor according to claim 1 , wherein 

the opening is a slit formed in the wall portion 
of the combustor in the circumferential direction 
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thereof. 

3. A combustor according to claim 1 , wherein 7. 

the combustor comprises a first cylinder por- 
tion and a second cylinder portion; s 

these cylinder portions partially overlap with 
a predetermined space therebetween, inside the 
annular passage; 

the opening is defined by an annular space 
formed between the first cylinder portion and the 10 
second cylinder portion; and 

air supplied from the bypass passage to the 
annular passage is supplied into the combustor 
through the annular space. 

15 

4. A combustor according to claim 3, wherein 

the combustor comprises a first cylinder por- 
tion and a second cylinder portion; 

these cylinder portions partially overlap with 
a predetermined apace therebetween, inside the 20 
annular passage; 

the opening is defined by an annular space 
formed between the first cylinder portion and the 
second cylinder portion; 

air supplied from the bypass passage to the 25 
annular passage is supplied into the combustor 
through the annular space; and 

at least one supporting memberto support the 
first cylinder portion and the second cylinder portion 
is provided in the annular space. 30 

5. A combustor according to claim 1 , wherein 

the combustor comprises a first cylinder por- 
tion and a second cylinder portion; 

these cylinder portions partially overlap with 35 
a predetermined space, outside the annular pas- 
sage; 

the opening is defined by an annular space 
formed between the first cylinder portion and the 
second cylinder portion; and *o 

air supplied from the bypass passage to the 
annular passage is supplied into the combustor 
through the annular space. 

6. A combustor according to claim 5, wherein 

the combustor comprises a first cylinder por- 
tion and a second cylinder portion; 

these cylinder portions partially overlap with 
a predetermined space, outside the annular pas- 
sage; 50 

the opening is defined by an annular space 
formed between the first cylinder portion and the 
second cylinder portion; 

air supplied from the bypass passage to the 
annular passage is supplied into the combustor 55 
through the annular space; and 

at least one supporting memberto supportthe 
first cylinder portion and the second cylinder portion 



is provided in the annular space. 

A combustor according to claim 1 , further compris- 
ing 

a sleeve in which a plurality of holes are 
formed, provided between the inner wall of the an- 
nular passage located on the outer diameter side 
and the inner wall thereof located on the inner di- 
ameter side, in the annular passage; 

at least a part of the plural holes is formed at 
a position corresponding to the inner wall of the an- 
nular passage located on the inner diameter side, 
wherein, 

at least a part of air supplied through the by- 
pass passage is supplied to impinge on the inner 
wall of the annular passage located on the inner di- 
ameter side, through the holes of the sleeve, where- 
by the air is supplied to the combustor through the 
opening. 
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Fig.3 
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Fig. 9a 
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